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(57) Abstract: A method and apparatus for sealing an axial lubrication bore 104 within a planetary gear set 200 having a plane-
tary gear 202 axially supported about a planetary gear shaft 100 and carried within a planetary gear carrier 204. Within the plane-
tary gear shatt 100, the axial lubrication bore 104, having at least one axial opening 104A and at least two intersecting lubrication
flow bores 102, 106, is sealed at the axial opening 104A by a radially disposed planet shaft locating pin 108 which holds the plan-
etary gear 202 in relation to the planetary gear carrier 204. The planet shaft locating pin 108 is seated within a radial bore 110
which intersects and passes through the axial lubrication flow bore 104 adjacent the axial opening 104A. The length of the planet
shaft locating pin 108 sufficiently exceeds the radial dimension of the planetary gear shatt 100 so as to ensure at least a portion of
the planet shaft locating pin 108 seats within an internal recess 112 disposed in the axial lubrication tflow bore sidewall, radially
opposite from the radial bore 110. The planet shaft locating pin 108 has a diameter which fully occludes the axial lubrication bore
104 when seated within the internal recess 112.
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PLANET SHAFT LOCATING PIN
CROSS-REFERENCE TO RELATED APPLICATIONS

The present application is related to, and claims priority from, U.S. Provisional
Patent Application Serial No. 61/026,907 filed on February 7, 2008, and which is
herein incorporated by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
Not Applicable.
BACKGROUND OF THE INVENTION

The present invention is related generally to planetary gear sets, and in
particular, to a planetary gear shaft having a locating pin for holding the planetary
gear shaft in a planetary gear carrier and for concurrently sealing an axial lubrication
bore hole in the planetary gear shaft.

For various applications, it is necessary to provide a flow of a lubricant
through an axial lubrication bore of a shaft, with the flow of the lubricant entering the
axial lubrication bore via a first radially directed passage adjacent an axial end of the
shaft, and exiting the axial lubrication bore at one or more desired locations via
additional radially directed passages. One such application utilizing an axial
lubrication bore in a shaft is found in a planetary gear set having a planetary gear
axially supported about a planetary gear shaft and carried within a planetary gear
carrier. The planetary gear shaft is held within the planetary gear carrier by a planet
shaft locating pin extending radially outward from a bore drilled across the diameter
of the planetary gear shaft, adjacent to an axial end there of. As shown in Figures
1A and 1B, a flow of lubricant is directed into an axial lubrication bore of the
planetary gear shaft through the portion of the cross-diameter bore which is
unobstructed by the planet shaft locating pin and which intersects the axial
lubrication bore. The flow of lubricant moves axially within, and subsequently exits,
the axial lubrication bore at one or more desired locations, such as adjacent to
planet gear bearings, via one or more additional radial outlet bores. Traditionally,
any axial end openings of the axial lubrication bore, which remain from a boring or

machining operation to produce the axial lubrication bore, are sealed with pressed
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axial plugs prior to use, requiring additional machining and/or manufacturing steps to
complete the closure process before the introduction of a lubricant flow through the
axial lubrication bore.

Accordingly, it would be advantageous to provide a shaft having an axial
lubrication bore with a means and method for sealing any associated axial openings
without requiring the use of axially pressed plugs or additional manufacturing steps.
BRIEF SUMMARY OF THE INVENTION

Briefly stated, in one embodiment, the present disclosure provides a method
for sealing an axial lubrication bore in a shaft having an axial lubrication bore which
includes at least one axial opening and two or more radially intersecting lubrication
flow bores. The axial opening of the lubrication bore is sealed by a radially disposed
shaft locating pin seated within a radial bore which intersect and passes through the
axial lubrication flow bore adjacent the axial opening. The length of the shaft locating
pin is selected to exceed the radial dimension of the shaft, so as to ensure at least a
portion of the shaft locating pin seats within an internal recess in the inner sidewall of
the lubrication bore, radially in-line with the radial bore receiving the shaft locating
pin. The shaft locating pin is further selected to have a diameter which fully occludes
the axial lubrication bore as the shaft locating pin is passed through the radial bore
and seated within the internal recess.

In an alternate embodiment, the present disclosure provides a planetary gear
set having a planetary gear axially supported about a planetary gear shaft and
carried within a planetary gear carrier. Within the planetary gear shaft, an axial
lubrication bore having an axial opening and two or more radially intersecting
lubrication flow bores is sealed in proximity to the axial opening by a radially
disposed planet shaft locating pin which holds the planetary gear shaft within the
planetary gear carrier. The planet shaft locating pin is seated within a radial bore
which intersects, and passes, through the axial lubrication flow bore adjacent to the
axial opening. The length of the planet shaft locating pin sufficiently exceeds the
radial dimension of the planetary gear shaft so as to ensure at least a portion of the
planet shaft locating pin seats into a recess in the sidewall of the axial lubrication
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bore radially opposite from the radial bore within the planetary gear shaft. The planet
shaft locating pin further has a diameter fitted to the radial bore which fully occludes
the axial lubrication bore, functioning to seal it from the axial opening.

In an alternate embodiment, the present disclosure provides a method for
sealing an axial opening in an axial lubrication bore of a planetary gear shaft by
seating a planet shaft locating pin having a diameter which exceeds the diameter of
the axial lubrication bore within a fitted radial bore intersecting and passing through
the axial lubrication bore.

The foregoing features, and advantages set forth in the present disclosure as
well as presently preferred embodiments will become more apparent from the
reading of the following description in connection with the accompanying drawings.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

In the accompanying drawings which form part of the specification:

Figure 1A is a cross-sectional view of a prior art planet shaft with an axial
plug;

Figure 1B is an axial-end sectional view of the prior art planet shaft of Fig. 1A;

Figure 2A is a cross-sectional view of a planet shaft of the present disclosure
with a locating pin occluding an axial lubrication bore;

Figure 2B is an axial-end sectional view of the planet shaft of Fig. 2A; and

Figure 3 is a partial cross-sectional view of a planetary gear assembly,
illustrating the placement of the planet shaft of Fig. 2A within the assembly and a
lubrication flow path.

Corresponding reference numerals indicate corresponding parts throughout
the several figures of the drawings. It is to be understood that the drawings are for
illustrating the concepts set forth in the present disclosure and are not to scale.

Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of
construction and the arrangement of components set forth in the following
description or illustrated in the drawings.



10

15

20

25

30

WO 2009/100202 PCT/US2009/033194

DETAILED DESCRIPTION

The following detailed description illustrates the invention by way of example
and not by way of limitation. The description enables one skilled in the art to make
and use the present disclosure, and describes several embodiments, adaptations,
variations, alternatives, and uses of the present disclosure, including what is
presently believed to be the best mode of carrying out the present disclosure.

Turning to the figures, and to Figures 2A and 2B in particular, a planetary
gear shaft 100 of the present disclosure is shown. The planetary gear shaft 100 is
configured generally for use in a planetary gear set 200, as shown in Figure 3,
having a planetary gear 202 which is axially supported about the planetary gear
shaft 100 while the shaft 100 is carried within a planetary gear carrier 204. As seen
in Figures 2A and 3, within the planetary gear shaft 100, lubrication flow is directed
via a generally radial lubrication input port 102 into an axial lubrication bore 104, and
exits the axial lubrication bore 104 via one or more generally radial lubrication output
ports 106 in proximity to bearings 206 or other components requiring lubrication. The
position of the input port 102 is selected so as to receive a flow of lubricant from the
environment of the planetary gear shaft 100, while the position of each of the output
ports 106 is selected to direct the exiting flow of lubrication to a preferred locations,
such as adjacent to bearings 206 supporting the planet gear 202. The axial
lubrication bore 104 coupling the input port 102 and the output ports 106 preferably
includes a single axial opening 104A in an axial end 100A of the planetary gear shaft
100, as best seen in Figure 2A.

To prevent a loss of lubricant from the axial lubrication bore 104, the axial
opening 104A in the planetary gear shaft 100 is blocked or sealed by a radially
disposed planet shaft locating pin 108 which facilitates proper positioning of the
planetary gear 202 on the planetary gear shaft 100 relative to the planet carrier 204
by securing a suitable spacer 206 to the planet shaft 100. The planet shaft locating
pin 108 is seated within a radially aligned pin bore 110 in the planetary gear shaft
100, which intersect and passes through the axial lubrication flow bore 104 adjacent
to the axial opening 104A. The length of the planet shaft locating pin 108 sufficiently



10

15

20

25

WO 2009/100202 PCT/US2009/033194

5.

exceeds the radial dimension of the planetary gear shaft 100, so as to ensure at
least a portion of the planet shaft locating pin 108 seats into an internal recess 112
which is disposed in the sidewall of the axial lubrication flow bore 104 radially
opposite from the pin bore 110 within the planetary gear shaft 100. The recess 112
may be formed by an extension of the pin bore 110 which extends beyond the axial
midpoint of the planetary gear shaft 104. The planet shaft locating pin 108, and
correspondingly the pin bore 110, each have a diameter which is sufficiently large
enough to fully occlude the axial lubrication bore 104 when the locating pin 108 is
seated there in. To permit the introduction of lubricant into the axial lubrication bore
104, the lubrication input port 102 may be aligned at an angle relative to the axial
lubrication bore 104, as seen in Figures 2A and 3, permitting the external opening
102A of the lubrication input port 102 to be disposed diametrically opposite from the
portion of the planet shaft locating pin 108 protruding from the locating pin bore 110
without interfering with the internal recess 112 into which the planet shaft locating
pin 108 is seated internally within the planetary gear shaft 100.

In an alternate embodiment, the present disclosure provides a method for
sealing an axial opening 104A in an axial lubrication bore 104 of a planetary gear
shaft 100 by seating a planet shaft locating pin 108 having a diameter greater than
the diameter of the axial lubrication bore 104 within an associated pin bore 110
which intersects, and passes through, the axial lubrication bore 104 adjacent to the
axial opening 104A. The planet shaft locating pin 108 is seated within the pin bore
110, and engaged with an internal recess 112 disposed in the sidewall of the axial
lubrication bore 104, such that the planet shaft locating pin 108 fully occludes the
axial lubrication bore 104 in the vicinity of the axial opening 104A.

As various changes could be made in the above constructions without
departing from the scope of the disclosure, it is intended that all matter contained in
the above description or shown in the accompanying drawings shall be interpreted
as illustrative and not in a limiting sense. For example, those of ordinary skill in the
art will recognize that the apparatus and methods of the present disclosure as set
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forth herein are not limited to use with planetary gear shafts 100, but may in fact, be
used to provide a seal for axial lubrication bores in a variety of shaft assemblies.
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CLAIMS:

1. An improved planet shaft (100) for use in a planetary gear set (200)
having a planetary gear (202) axially supported about the planetary gear shaft (100)
and carried within a planetary gear carrier (204), comprising

a planet shaft locating pin (108) seated within a locating pin bore (110) of the
planet shaft (100) adjacent an axial end (100A) of the planet shaft (100);

wherein said planet shaft (100) includes an axial lubrication bore (104) having
at least one axial opening (104A), an input lubrication flow bore (102) for directing a
lubricant flow into said axial lubrication bore, and at least one lubrication output flow
bore (106) for delivering lubricant flow from said axial lubrication bore (104) to a
desired external location on said planet shaft (100); and

wherein said planet shaft locating pin (108) is fitted within said locating pin
bore 108 and seated in an internal recess (112) in the internal sidewall of the axial
lubrication bore (104), such that said planet shaft locating pin (108) fully occludes
said axial lubrication bore (104) adjacent said axial opening (104A).

2. The improved planet shaft of Claim 1 wherein said locating pin (108)
has a diameter greater than a diameter of said axial lubrication bore (104).

3. The improved planet shaft of Claim 1 wherein said locating pin (108)
has a length which exceeds a radial dimension of said planet shaft (100).

4. The improved planet shaft of Claim 1 wherein said input lubrication
flow bore (102) is aligned at an acute angle relative to said axial lubrication bore
(104) and has an external opening (102A) diametrically opposite from said locating
pin bore (110).

5. An improved gear support shaft (100) having an axial lubrication bore
(104) with an open axial end (104A) through which a lubricant flows between an
input lubrication port (102) and an output lubrication port (106), comprising:

a locating pin (108) seated within a locating pin bore (110), said locating pin
bore (110) radially intersecting and passing through said axial lubrication bore (104)
adjacent to the open axial end (104A) at an axial end (100A) of the gear support
shaft (100); and
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wherein said locating pin (108) is dimensioned to occlude said axial
lubrication bore (104) when seated within said locating pin bore (110), and to extend
radially outward from an exterior surface of the gear support shaft (100).

6. The improved gear support shaft of Claim 5 wherein said locating pin
bore (110) is perpendicular to said axial lubrication bore (104).

7. The improved gear support shaft of Claim 5 wherein said locating pin
bore (110) terminates in a recess (112) disposed in an sidewall surface of said axial
lubrication bore (104).

8. A method for sealing an axial opening (104A) of an axial lubrication
bore (104) in a shaft (100), comprising:

disposing, within said shaft (100), in proximity to said axial opening (104A), a
pin receiving bore (110) having a diameter exceeding a diameter of said axial
lubrication bore (104), said pin receiving bore (110) intersecting and passing through
said axial lubrication bore (104) to terminate in a recess (112) in a sidewall surface
of said axial lubrication bore (104); and

seating a fitted pin (108) within said pin receiving bore (110) and in
engagement with said recess (112) to occlude said axial lubrication bore (104)
adjacent said axial opening (104A).

9. The method of Claim 8 wherein said shaft (100) is a planet shaft
supporting a planet gear (202) within a planetary gear set (200); and

wherein said pin (108) is configured to secure said planet gear (202) on said
planet shaft relative to a planet carrier (204).
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